We provide a quantitative assessment of the welfare cost of tax competition or, equivalently, the welfare benefit of international tax policy cooperation. We use a simple multi-country general equilibrium model of a world economy, in which there are two types of cross-country spillovers: the first one is generated by international capital mobility and the second by the presence of an international public good. In the absence of international public goods, although welfare in the non-cooperative case is typically lower than in the cooperative case, the welfare difference is negligible quantitatively. Things change drastically, both quantitatively and qualitatively, once we introduce international public goods. Now, there can be big benefits from cooperation and welfare effects cease to be monotonic.
I. Introduction
One of the main results in international economics is that non-cooperative (Nash) national tax policies lead to a race-to-the-bottom and suboptimal outcomes. Hence there is need for international cooperation. Such arguments become stronger as the degree of economic integration increases and tax competition becomes fiercer. 1 But recent quantitative studies using general equilibrium models with Ramsey-type policymakers indicate that the welfare gains from coordinated tax policies are not significant quantitatively (see e.g. Mendoza and Tezar, 2005, and Sørensen, 2004) . In most of these studies, the welfare gains from coordination are around one percent of GDP and remain robustly "small" across different model specifications and policy scenarios. In this paper, we reexamine the quantitative welfare implication of international tax cooperation. The difference from most of the related literature is that we incorporate an international public good, namely a public good whose benefits can extend beyond national boundaries (see Bjorvatn and Schjelderup, 2002, and Tabellini, 2003) . As Tabellini (2003) pointed out, such goods constitute an important factor of the EU.
Examples include foreign/defense policy and environmental quality. In addition, the abolition of borders between EU member states has generated a status of increased crosscountry spillovers in several areas such as internal security, border controls, immigration policy and scientific research. We show that the incorporation of international public goods in a model of international tax competition changes the above mentioned results drastically.
We use a multi-country version of the general equilibrium model in Persson and Tabellini (1992) . This is simple, tractable and delivers an analytical solution. There are two types of cross-border spillovers. The first one is generated by international capital 1 See e.g. Tabellini (1992, 1995) who also review the literature. The standard race-to-thebottom result is usually derived in a setup where the only cross-country spillover effect, or externality, is generated by international capital mobility and national policy instruments are chosen by Ramsey (benevolent) policymakers. A similar setup is used here. Note that international cooperation can become counter-productive if we depart from Ramsey policymakers and there are failures at policymaking level. Here we do not study such issues so cooperation is superior to non-cooperation. See Razin and Sadka (1999) for various political-economy aspects of tax competition. For empirical evidence of tax competition in OECD countries, see e.g. Devereux, Lockwood and Redoano (2008) . 2 What is "small" or "large" is of course arbitrary. One percent gain may be considered to be large enough. The key point, however, is whether the welfare gain from cooperation changes substantially across different model specifications. Here we show that it does, once we introduce international public goods. mobility and results in the problem of tax competition for mobile tax bases. The second spillover is generated by the presence of international public goods and results in the problem of free riding on other countries' contribution.
When we solve the model numerically to get a measure of general equilibrium welfare, our results are as follows. In the absence of international public goods, the welfare gain from cooperation is small quantitatively. The reason is that higher tax rates (as we switch from Nash to cooperation) is good for public goods provision in the short run, but they are bad for private investment and in turn future consumption. The latter offsets the beneficial effect of higher public goods provision in the short run. Thus, in a non-static setup, suboptimally low Nash tax rates are not that bad quantitatively, as already shown by e.g. Mendoza and Tezar (2005) .
Results change drastically once we introduce international public goods. Although, as mentioned above, we realize that what is small or large is arbitrary and we should be cautious how to read these numbers, it is fair and robust to claim that: (a) The introduction of international public goods into a rather conventional model with international capital mobility makes the welfare gain from cooperation particularly big.
Thus, the argument for international cooperation becomes much stronger when there are public goods that extend beyond national borders. (b) The combination of the two spillovers has qualitative implications too: the welfare gain from cooperation is nonmonotonic in the magnitude of cross-country spillovers from international public goods; after a turning point, the welfare gain falls with this magnitude (see also Bjorvatn and Schjelderup, 2002 , for similar effects on tax rates).
The rest of the paper is as follows. Section II solves for a world competitive equilibrium. Section III solves for optimal policies. Section IV concludes.
II. World economy
Consider a world economy composed of a finite number of identical countries N , indexed by N i ,..., 2 , 1 = . Each country i is populated by a representative private agent and a benevolent Ramsey national government. The private agent in each country consumes and invests at home and abroad, where investment abroad implies a mobility or transaction cost (the latter provides a measure of the degree of capital mobility). The national government in each country can tax domestic and foreign investors at the same rate (source principle of taxation) to finance the provision of a public good whose benefits can extend beyond national boundaries.
We use a simple two-period (present and future) model adapted from Persson and Tabellini (1992) . The differences are that here we use a multi-country version of this model and add an international public good as in Bjorvatn and Schjelderup (2002) . All countries produce the same commodity and have access to a linear technology.
The sequence of events is as follows. In the beginning of the game, national governments choose once-and-for-all their tax policy and the associated contribution to the public good. In turn, private agents maximize their lifetime utility making their investment and (present and future) consumption decisions. Working with backward induction, we first solve the private agents' problem by taking prices and policies as
given. This will give us a World Competitive Equilibrium (WCE) which is for any feasible policies. In turn, we solve for Nash national tax policies. Namely, each national government chooses its own tax rate optimally subject to the WCE by taking as given the tax policies of the other government. We also solve for cooperative national policies; this will serve as a benchmark.
II.1 Behavior of private agents
The representative household in each country i maximizes:
where 1 i c and 2 i c are private consumption in the first and second period respectively, and i G is the international public good from the viewpoint of private agent located in country i (see equation (5) below). The utility function is increasing and quasi-concave. For algebraic simplicity, we use an additively separable function of the form:
where ν is the weight given to public services relative to private consumption.
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The first-period budget constraint of the private agent in country i is:
that is, the private agent begins with an exogenous endowment, The second-period budget constraint of the private agent in country i is:
where 0 
3 In the numerical solutions below, we set 1 ν > . This parameter range is needed to get a well-defined solution in general equilibrium, namely when policies are optimally chosen. In particular, we need 1 ν > to get that the tax rate increases with the initial endowment (see Appendix). With a linear production technology, a higher endowment increases the tax base on a one-to-one basis (see equation (6e) below). We thus need to value the public good a lot in order to make an efficient use of the higher tax revenue. See below about parameter values used in the numerical solution.
Thus, without uncertainty, net returns are equalized.
II.2 National government budget constraint
Each national government i spends i g on a public good by taxing domestic and foreign investors at the same rate, 1 0
. Thus, assuming a balanced budget, the budget constraint of national government in country i is: 
II.3 International public good
To model the international public good i G , as defined in (1a)-(1b) above, we follow e.g. Alesina and Wacziarg (1999) and Bjorvatn and Schjelderup (2002) , by assuming:
where the parameter 1 0 ≤ ≤ b measures the strength of international spillovers in public
, there is no spillover and the public good is national or local.
, there are perfect spillovers and the public good is fully international.
II.4 World Competitive Equilibrium (given policies)
We now solve for a World Competitive Equilibrium (WCE) for any feasible policy. As equation (4) shows, only one of the two policy instruments ( g and t ) can be set independently in each country. We choose to express the WCE in terms of national tax rates ( t ). Then, it is straightforward to show that (2)-(4) imply:
where (6a), (6b), (6c), (6d) and (6e) give respectively the first-period consumption, the second-period consumption, government expenditure on the public good, capital invested abroad and capital invested at home. This is for each country N i ,..., 2 , 1 = .
We sum up this section. We have solved for a World Competitive Equilibrium (WCE). This holds for any feasible policy as summarized by the national tax rates,
. In this equilibrium: (i) private agents maximize their utility; (ii) all constraints are satisfied; (iii) all markets clear. This WCE is given by (6a-e) and (5).
Notice that, thanks to the model specification, we have managed to get closed-form solutions for equilibrium allocations as functions of i t and parameters only. This will be convenient algebraically when we endogenize policy, i t .
Before we move on to optimal policies, it is helpful to identify the nature of external effects from foreign tax policy on domestic welfare. Recall that there are two types of cross-border spillovers in the model: spillovers from international capital movements and international public goods. International capital movements generate the standard tax competition effect (if the foreign country increases its tax rate, the domestic country attracts capital) and the tax-the-foreigner effect (if the foreign country increases its tax rate, it also hurts the income and welfare of domestic investors who invest abroad).
International public goods generate a free riding effect (if the foreign country increases its tax rate, it contributes to the provision of the global public good). The tax competition and the free riding externalities are both positive and hence will both tend to push the uncoordinated tax rate below its Pareto efficient value. The tax-the-foreigner effect can be negative or positive depending on whether the domestic country is exporter or importer of capital and hence can work in either direction. 4 We leave the solution below to determine the net final externality and hence how Nash and cooperative policies may differ.
III. National policies and world equilibrium
We move on to the first stage of the game and endogenize national policies, i t . National policies are chosen by benevolent national governments that either play Nash or cooperate. When they choose i t , benevolent national governments take into account the World Competitive Equilibrium specified above. We will solve for symmetric (Nash and cooperative) equilibria in national policies. Thus, in equilibrium,
III.1 Nash policies
Each national government i chooses i t to maximize (1b) subject to (6a-e) and (5). In doing so, it takes j t , with i j ≠ , as given. Using equations (6a-e) and (5) into (1b), deriving the first-order condition for i t , invoking symmetry, and assuming existence of an interior solution we get (we now omit country superscripts):
4 These three effects can be also shown algebraically if we differentiate the domestic welfare with respect to the foreign tax rate. The partial is a bit unfriendly but one can distinguish the three effects. Results are available upon request from the authors. 5 Even if, in a symmetric equilibrium, there are no capital flows ex post (see equation (6d)), decisions are affected ex ante and this is enough to capture the inefficiencies in the absence of cooperation. (1 ) (1 ) (1 )
which is an equation in the Nash tax rate only. (5), we get a symmetric Nash equilibrium (SNE).
III.2 Cooperative policies
Consider now the reference case in which national tax policies are chosen jointly by maximizing the sum of individual countries' welfare. That is, a worldwide benevolent social planner chooses jointly all i t to maximize the sum of (1b) over all countries.
Working as above, it is straightforward to show that in Symmetric Cooperative
Equilibrium (SCE), we have instead of (7): (5), we get a symmetric cooperative equilibrium (SCE).
III. 3 Comparison of SNE to SCE
Numerical solutions are reported in Tables 1-5 below. These Tables report the equilibrium tax rates, the associated macroeconomic outcomes and the resulting general equilibrium welfare, in both the non-cooperative and cooperative case, for various parameter combinations. To get welfare in the non-cooperative case, we solve equation (7) for the Nash tax rate, use this solution into (6a-e) and (5) The intuition behind this result is revealed by looking at macroeconomic outcomes. Recall that utility depends on both private consumption and public good provision (see equation (1b)). Our numerical simulations imply that higher tax rates (as we switch from Nash to cooperation) can be good for public good provision, but are particularly bad for second-period private consumption. This happens because higher tax rates hurt private investment and in turn future private consumption (see equation (6b)) so that the beneficial effect of higher tax rates gets smaller. Therefore, in a dynamic setup, Nash tax rates are not that bad quantitatively. This is different from a static model, where higher tax rates can increase the provision of public goods without hurting the economy in the future. The standard argument -that tax competition is harmful in the presence of cross-country spillovers -becomes weaker in a dynamic setup.
Finally, in Table 1a , the effect of m is monotonic, in the sense that as capital mobility rises and tax competition gets fiercer (i.e. as m gets smaller), the difference between the two (Nash and cooperative) tax rates and hence the gain from cooperation rise. This monotonic effect also holds in the presence of international public goods (see Table 2a below), i.e. it holds for any value of 0 1 b ≤ ≤ .
Result 3. Consider now the symmetrically opposite case from the one described above.
Namely, there is zero capital mobility ( m → ∞) so that it is only public goods that generate cross-border spillovers. This case is reported in Table 1b . The benefits from cooperation become bigger than those in Table 1a . Thus, free riding problems matter more than problems associated with internationally mobile tax bases.
Also note that, in the absence of capital mobility, the welfare benefit is monotonic in b (see Table 1b ). That is, without capital mobility, as the magnitude of international spillovers from public goods provision increases, the incentive to free ride on other countries' provision of public goods becomes stronger, and hence the difference between the two (Nash and cooperative) tax rates and the gain from cooperation rise monotonically. Table 2a, while it is only 2.7 percentage points in Table 1a . The fact that it is the combination of the two spillovers that makes the quantitative difference is confirmed when we compare Tables 1b (no capital mobility) and 2b (capital mobility), both for varying values of 1 0 ≤ ≤ b .
The benefits are much bigger in Table 2b . Thus, the introduction of international public goods into a model with international capital mobility has drastic quantitative welfare implications.
It is important to note however that, for given 0 m ≤ < ∞ , the effect of b is not monotonic. This is shown in Table 2b , where we set say 0.1 m = and examine the effects from changes in 0 1 b ≤ ≤ . Up to a critical value of b , denoted as * b , which is around 0.6 in Table 2b , the higher the magnitude of international spillovers from public goods provision, or the worse the free riding problem, the higher the welfare gain from cooperation. But after * b , the higher is the value of b , the lower gets the welfare gain from cooperation. This happens because, after * b , as the public good turns from local to international, the incentive to compete for mobile tax bases is reduced. Actually, in the special case of perfect international spillovers from provided public goods ( 1 b = ), the incentive to compete for mobile tax bases and the distortions associated with this, are completely eliminated. This is shown by the fact that when 1 b = , the solution is independent of the assumed value of m (see e.g. Tables 1b and 2b ). This is similar to the main result in Bjorvatn and Schjelderup (2002) . Of course, as pointed out by Bjorvatn and Schjelderup, there is still undersupply of public goods in the Nash equilibrium due to free riding. Therefore, when both international spillovers are present, they do not simply add up to a single externality. Their interaction is nonlinear in the sense that the effects of b are nonmonotonic. changes. We consider the same three cases as above. Results are again monotonic. In Tables 4a-b , with capital mobility, as ν rises, the welfare gain from cooperation gets larger. By contrast, in Table 4c , without capital mobility, as ν rises, the welfare gain from cooperation gets smaller. The idea in Table 4c is that, when the only international spillover is from public goods provision, the more we value public goods, the more we 10 We are grateful to a referee for pointing this out to us. 11 In the case of asymmetric equilibria, the relation is ambiguous. 
IV. Conclusions, related work and extensions
We provided a quantitative assessment of the welfare benefits from international tax policy cooperation. We showed that, once we introduce international public goods to a rather standard model of tax competition, the difference in tax policies is reflected to a big difference in welfare and hence there are substantial gains from tax cooperation. Free riding on each other's contribution to international public goods appears to be more important and costly than tax competition for mobile tax bases. On the other hand, welfare effects are not monotonic in the degree of international spillovers from public goods provision.
A mentioned already, a paper close to ours is Bjorvatn and Schjelderup (2002) .
However there are differences. Here we investigated the quantitative implications of international public goods for the welfare benefits from international cooperation. By contrast, Bjorvatn and Schjelderup focused on the case in which perfect spillovers from international public goods eliminate the detrimental effect from tax competition. Besides, although this is less important, there are modeling differences. For instance, our model allows for various degrees of capital mobility as well as for both current and future consumption (this helps us to identify how tax competition for mobile tax bases is good for current investment and future consumption).
It would be interesting to add more types of cross-country spillovers. Here, we focused on international capital flows and international public goods. It would also be interesting to study the above issues into a fully dynamic general equilibrium neoclassical growth model. 
